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INTRODUCTION

In the preceding paper (1) a report on the structure and action of
radicinin was given. It is no'v well known that members of such genera
as the Penicillia, Aspergilli, Helminthospora, etc. are capable of synthesizing a wide variety of metabolic products which accumulate in the culture
medium or in the mycelium under conditions of excessive carbohydrate
concentration. The opinion that these substances are end products of
metabolism without particular function has no\Y been thoroughly discredited.
While it has been suggested that these metabolites may be regarded
as reserve materials (2), it seems more probable that they accumulate
because some of the enzyme systems involved in the oxidative sequences
become saturated with respect to their substrates. They are thus probably products of anaerobic metabolism and arise in a manner analogous
to the accumulation of citric acid, 'vhich is induced under the same conditions (3).
The mechanism of the biosynthesis of mold pigments has intrigued
many 'Yorkers, and numerous speculations have been set forth as to the
steps involved in the formation of some of these products by certain
microorganisms. The Raistrick group, in particular, has attempted to
arrive at conceivable intermediates by considering logical connections
between structurally related pigments (4). This approach, however, gives
no information about the early precursors of these compounds. The cusContribution No. 307. Condensed from a portion of the dissertation of D.
D. C. submitted to the Graduate School of Fordham University in partial fulfillment of the requirements for the Ph.D. degree.
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tomary method employed in such studies has been the use of a variety
of carbon compounds as substrates and the study of the effect of enzyme
poisons such as fluoride, iodoacetate, or cyanide (5). While the experimental results obtained by such methods must be interpreted with care,
some useful observations have been made by applying this approach
(5, 6). We have utilized this procedure as ·well as labeled carbon compounds to investigate the mode of biosynthesis of radicinin by Stemphylium radicinum (Sterad).

•

ExPERIMENTAL

All carbon sources were introduced at 2% concentration unless otherwise
specified, and the basal medium was a 0.4% solution of potato extract (Difco).
Sedoheptulose was used at a concentration of 0.5% and was prepared as follows:
2.5 g. of sedoheptulosan monohydrate 2 was dissolved in 90 ml. distilled water and
heated with 2.5 g. Amberlite IR-100H cation-exchange resin, in the hydrogen
form, on the steam bath for an hour (7). This equilibrium solution was cooled,
potato extract added, and diluted to 100 ml.
The media were prepared and distributed into 125-ml. Erlenmeyer flasks, each
containing 50 ml. of medium. After sterilization and cooling, each flask was
inoculated with 3 ml. of a spore suspension of Sterad which had been grown for 4
days. The flasks were inoculated in random order and placed in an incubator.
Aliquots of the culture solution were withdrawn at suitable intervals for the determination of the concentration of radicinin. The samples were analyzed by
grouping measurements in randomized blocks (8). All substrates except ethanol
were added prior to sterilization. Ethanol was added with aseptic technique after
sterilization of the medium.

Determination of Radicinin Concentration
One milliliter of the culture solution was added to 100 ml. of distilled water in
a 125-ml. Erlenmeyer flask, and the mixture was well swirled. The optical density
of this solution was read on a Beckman model DU spectrophotometer at 342 m,u
and a slit width of 0.5 mm. versus distilled water. A standard curve was prepared
with purified radicinin.

Experiments

wi~h

Labeled Substrates

One milligram of methyl-C 14 -labeled sodium acetate [13 microcuries (,uc.)] was
added to a solution of 2.2 g. sodium acetate in 22 ml. distilled water, and the resulting solution was sterilized. One milliliter of this solution was added to each of
20 flasks which contained the previously mentioned culture medium (1% glucose)
and which had been inoculated with spores of Sterad 4 days previously. Radicinin
was isolated 17 days later.
Seventy-seven milligrams of uniformly C 14-labeled glucose (36 p.c.) was added
Obtained through the courtesy of Dr. N. K. Richtmyer of the National Institutes of Health, Bethesda, Md.
2
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•

to 2 l. of culture medium which contained 1% glucose. This resulting medium
was sterilized and inoculated as described above. Four days after inoculation,
the substrates used as competitors of glucose were added with aseptic technique
to give a 0.1% final concentration of each. Each competitive substrate was added
to eight flasks. Radicinin was isolated 17 days later by pooling the culture filtrates
of each series and extracting with three 50-ml. portions of chloroform (analytical
reagent). This solution was then evaporated in a current of air and the residue
recrystallized twice from methanol.
Twenty-five milligrams of the purified radicinin was dissolved in methanol
and the volume made up to 25.0 ml. in a volumetric flask. One milliliter of this
solution was pipetted into a glass cup (3.8 sq. em.) and evaporated to dryness
under an infrared lamp. Counting was carried out using a thin-window Geiger
tube. The standard error of the measurements was ±3% at the 95% confidence
level. The constancy of the surface area of the radicinin plated out as described
above was demonstrated by redissolving and evaporating the solution. This treatment did not change the counting rate.
RESULTS

•

•

From Table I it can be seen that there was no net synthesis of radicinin
from acetate, citrate, glycerol, or ethanol. This suggests that these substrates are not precursors of radicinin in Sterad. Growth was approximately equal with all the above substrates, as estimated by visual observation. Consequently, these results could not have been due to lack
of absorption of any of these substrates into the cells of this organism.
A small quantity of pigment was obtained from pyruvate, but glucose
served as a far more advantageous substrate for the synthesis of radicinin.
TABLE I
Formation of Radicinin from Various Substrates
The concentration of all substrates was 2%. The concentration of radicinin was
determined on the seventeenth day after inoculation. Concentration of sodium
fluoride was 340 mg./1. Concentration of iodoacetic acid was 168 mg./l. Concentration of dimedon was 2.0 g./1.
Substrate

•

•

Sodium citrate
Sodium acetate
Ethanol
Glycerol
Sodium pyruvate
Glucose
Glucose
Glucose
Glucose

Inhibitor

Sodium fluoride
Iodoacetic acid
Dimedon

Concn.of radicinin
mg./ml.

0.00
0.00
0.00
0.00
0.10
0.81
0.94
1.04

1.61
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In addition, there was an even greater accumulation of radicinin in the
presence of sodium fluoride and iodoacetic acid, which are known to act
as inhibitors of glycolytic enzymes. These results were confirmed when
the extent of radicinin production was judged by the onset of its crystallization in the culture medium. We may, therefore, conclude that the intact carbohydrate molecule is used by this organism for the synthesis
of radicinin.
Similar results were obtained for kojic acid by Gould et al. (5), andrecently Arnstein and Bentley have shown with the aid of C 14-labeled glucose that the glucose molecule is directly cyclized to give the ')'-pyrone
ring of this metabolite to an extent of at least 90% (9).
In another series of experiments, galactose, xylose, and inositol were
compared with glucose as conceivable precursors of radicinin. From Fig.
1 it can be seen that galactose behaves similarly to glucose, but that
xylose is a better substrate and inositol a poorer one than glucose for the
synthesis of radicinin. Inositol, therefore, does not seem to be an intermediate in the biosynthesis of radicinin.
From Fig. 2 it can be recognized that the behavior of ribose cannot be

..
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1. Rate of formation of radicinin on glucose, galactose, xylose, and
inositol.
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2. Rate of formation of radicinin on glucose, xylose, ribose, and
sedoheptulose.

distinguished from that of sedoheptulose, but these substrates are not as
useful as glucose and xylose in the formation of radicinin. They do not
seem to be intermediates in the biosynthesis of radicinin. Gluconic acid
was also a poor substrate for the synthesis of radicinin, as seen in Fig. 3,
and thus it does not appear to be on the pathway between glucose and
radicinin. While glucuronic acid gave a lower rate of synthesis than
glucose, no valid comparisons could be made, as the growth of this organism was poorer on glucuronic acid than on glucose, as is evident
from the data recorded in Table II.
With the mixed substrate glucose plus acetate (1: 1), radicinin formation was much slower than on glucose alone. Acetate thus inhibited the
formation of radicinin. In addition, the over-all growth of the organism
was stimulated, as can be recognized from an increased mat ·weight over
that obtained on glucose as substrate (Table II). Acetate, therefore,
seems to inhibit radicinin formation by allo,ving more efficient utilization
of glucose via other pathways.
The above results led us to think that glucuronic acid and xylose may
be intermediates in the biosynthesis of radicinin by Sterad. To test this
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3. Rate of formation of radicinin on glucose, gluconic acid,
glucuronic acid, and glucose + sodium acetate.

consideration, the isotopic competition method \vas employed (10).
Randomly labeled glucose was used as the substrate at 1 % concentration, and acetate, ribose, xylose, and glucuronic acid \Vere added at a
concentration of 0.1 %. The mat weights throughout this series of experiments were constant at 150 ± 6 mg. per flask; thus the over-all growth
was not a variable. The radicinin concentration for each substrate combination showed a very similar relationship to the results expressed in
Figs. 1- 3. This indicates that there was no variation between this and
previous experiments.
It is evident from Table III that glucose was synthesized from acetate.
Independent corroboration of this conclusion was obtained by paper
chromatographic analyses. 3 The specific activity of the recovered glucose
in I was 11% of that found in II-VI, where labeled glucose was used,
while the specific activity of the isolated radicinin in I was of the same
order of magnitude as in II-VI. However, since it is possible and even
a Unpublished observation.
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TABLE II
Mat Weights of Stemphylium radicinum Grown on Various Substrates
Mat weights are recorded in milligrams as the average of the weight of mats
from two flasks .
•
Days after inoculation
Substrate

Gluconic acid
Glucuronic acid
Glucose
Glucose + sodium acetate

10

11

14

17

20

44.7
85.7

76.7
33.7
116.5
95.9

82.5
48.3
113.3
129.8

79.0
54.3
121.2
145.3

80.1
56.0
129.8
166.5

-

TABLE III
Incorporation of C14 into Radicinin Using Competing Substrates
Substrate

•
..

I a Glucose + acetateb*e
II c Glucose* + acetate
III c Glucose* + ribose
IV c Glucose* + xylose
V c Glucose* + glucuronic acid
VIc Glucose* + glucose

Specific activity
of radicinin

Dilution of specific
activity of radicinin

Concn. of
radicinin

ct. / min. / mg. C

%

mg./ml.a

261.8
160.3
197.0
189.6
213.2
220.1

27.2
10.5
16.2
3.2
0.0 (control)

0.79
0.59
1.00
1.49
1.48
1.31

The specific activity of the glucose recovered from I was 24.9 ct./min./ mg. C.
b The specific activity of the acetate added in I was 930 ct./min./mg. C.
c The activity of the glucose recovered from II to VI was 217.8 ct./min./ mg. C.
d The precision of these values is ±0.03 mg./ml. at the 99% confidence limit.
These values were determined 21 days after inoculation.
e This symbol (*) indicates that the substrate contained C 14 •
a

probable that the intracellular glucose is not in equilibrium with the extracellular glucose, a much larger proportion of the acetate may have
been converted via glucose to radicinin than these results indicate.
Taking this into account, the competition shown by unlabeled acetate
in II would be due to nonspecific dilution of the labeled glucose. The observation that the recovered glucose had the same specific activity as the
original glucose could be due to lack of equilibrium between intra- and
extracellular glucose. These results thus do not enable us to decide whether or not acetate is an intermediate in the biosynthesis of
radicinin from glucose .
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For the reasons given above, even though ribose and xylose were able
to compete with glucose in the synthesis of radicinin, we cannot state
definitely that they are or are not intermediates in the biosynthesis of
radicinin from glucose by Sterad.

...

CoMMENTS

It seems now well established that in the biosynthesis of lipides, the
carbohydrate molecule is first broken down to c2 fragments, 'vhich are
then condensed to form the individuallipides (11). On the basis of the
principle of comparative biochemistry it has been postulated that many
complex mold metabolites are also synthesized from C2 intermediates.
However, it has been shown that glucose is not broken down to C 2 fragments as a preliminary step in the biosynthesis of tyrosine by Saccharomyces cerevisiae (12), or in the biosynthesis of kojic acid (9).
While the experiments with labeled compounds ·were not fully unequivocal, the observations derived from the studies of the rate of formation of radicinin on various substrates indicated that the carbohydrate
molecule is utilized intact in the biosynthesis of radicinin by Sterad. Another possibility is that the crotonyl side chain of radicinin is synthesized from acetate. But due to the lack of a suitable degradation procedure this was not futher investigated.
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SUMMARY

After studying the effect of various substrates and also of certain enzyme inhibitors on the rate of formation of radicinin by Sterad, it is suggested that the carbohydrate molecule is utilized intact in the biosynthesis of radicinin.
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